S U M M A R Y
The electrical resistivity distribution at the base of La Soufrière of Guadeloupe lava dome is reconstructed by using transmission electrical resistivity data obtained by injecting an electrical current between two electrodes located on opposite sides of the volcano. Several pairs of injection electrodes are used in order to constitute a data set spanning the whole range of azimuths, and the electrical potential is measured along a cable covering an angular sector of ≈120
• along the basis of the dome. The data are inverted to perform a slice electrical resistivity tomography (SERT) with specific functions implemented in the EIDORS open source package dedicated to electrical impedance tomography applied to medicine and geophysics. The resulting image shows the presence of highly conductive regions separated by resistive ridges. The conductive regions correspond to unconsolidated material saturated by hydrothermal fluids. Two of them are associated with partial flank collapses and may represent large reservoirs that could have played an important role during past eruptive events. The resistive ridges may represent massive andesite and are expected to constitute hydraulic barriers.
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I N T RO D U C T I O N
La Soufrière of Guadeloupe volcano belongs to the active part of the volcanic arc forming the Lesser Antilles and caused by the subduction of the North American Plate beneath the Caribbean Plate. The La Soufrière lava dome ( Fig. 1) is dated 1530 A.D. and constitutes the most recent and presently single active part of La Découverte volcano complex (Samper et al. 2009 ). Over the last 12 000 yr this area has been subject to intense magmatic activity marked by a series of dome extrusions, explosive eruptions and partial edifice collapses. At least eight such events occurred during the last 7800 yr Legendre 2012) .
La Soufrière lava dome is located in the horseshoe-shaped 'Amic' crater formed 3100 B.P. by a St Helens-type edifice collapse and directed blast event (Boudon et al. 1987) . Since its formation, La Soufrière had six phreatic eruptions (1690, 1797-1798, 1809-1812, 1836-1837, 1956, 1976-1977) located in different sectors of the northern and eastern sides of the lava dome (Fig. 2) . The last 1976- * Now at: PRP-DGE Department, Institute for Radiological Protection and Nuclear Safety, B.P. 17, F-92262 Fontenay-aux-Roses Cedex, France. 1977 event is considered a failed magmatic eruption (Feuillard et al. 1983; Komorowski et al. 2005; Villemant et al. 2005; Boichu et al. 2008 Boichu et al. , 2011 caused by the intrusion of a small volume of andesitic magma whose ascension stopped at about 3 km beneath the dome summit (Villemant et al. 2005; Boichu et al. 2011) . Since then, this magma body sporadically releases acid gases in the hydrothermal reservoirs and produces episodic chlorine spikes in the 'Carbet' hot spring located on the northeast side of the volcano (Boichu et al. 2011) . The thermal energy released in the shallower parts of the volcano drove thermal convection of hydrothermal fluids. This crisis was particularly intense and forced the evacuation of 73 000 inhabitants over 6 months.
Following the 1976-1977 crisis, both the volcanic and seismic activities reduced gradually until 1992 when a notable increase in shallow low-energy seismicity and in the flux of summit fumarolic activity was observed . One possible interpretation of this event is attributed to a reorganization of the fluid circulation pattern inside the lava dome as a response to progressive sealing of the hitherto active flow paths. Both the intense hydrothermal activity and the heavy rains (≈5 m yr −1 ) supplying the hydrothermal shallow reservoirs favour fluid mineralization by magmatic gas and the formation of clayey material that progressively fills and blocks open fractures in the edifice decreasing its macropermeability (Zlotnicki et al. 1994; Villemant et al. 2005; Salaün et al. 2011) . The resulting sealing causes fluid confinement and overpressurization that eventually leads to the opening of new flow paths inside the edifice (Salaün et al. 2011) . Another possibility is that this seismic and fumarolic reactivation characterized with a new pulse of marked chlorine degassing reflects injections of magmatic fluids and heat from the magmatic reservoir to some shallower level in the hydrothermal system below the summit (Fournier 2006) .
The past eruptive history of La Soufrière indicates that somewhat different scenarios have to be considered for the future, depending on the nature of the event: collapse, phreatic eruption or magma ascent . The evaluation of hazards for each scenario depends on both the impact and the likelihood of each type of event, and some of them suggest important societal impacts in case of renewed activity. For this reason, multiparameter monitoring is conducted by the local volcano observatory (IPGP/OVSG). Permanent networks monitor seismicity and ground deformation. Thermal springs and fumaroles are also sampled and analysed on a fortnightly base (Villemant et al. 2005) . Beside these routine measurements, it is important to perform complementary geophysical studies to obtain an ever more precise view of the inner structure of the volcano and derive models necessary to better understand the monitoring data. Knowledge of the inner structure is necessary to set reliable initial conditions to flank destabilization models (Le Friant et al. 2006) and to estimate the amount of fluid contained in shallow hydrothermal reservoirs that may supply thermal and explosive energy in case of phreatic explosion and provoke lahars as observed during the 1976-1977 crisis.
Over the last decade, La Soufrière of Guadeloupe has been subject to several geophysical imaging experiments including selfpotential mapping (Zlotnicki et al. 1994) , electrical resistivity (Nicollin et al. 2006) and very low-frequency survey (Zlotnicki et al. 2006) . Such methods were particularly sensitive to the presence of fluids circulating in the volcano hydrothermal system. The self-potential study evidenced the structural heterogeneity of La Soufrière lava dome and the circulation of fluids (Zlotnicki et al. 1994) . Negative anomalies present on the northern part of the dome emphasized the presence of vertical conduits where meteoric fluids circulated mostly downward (Zlotnicki et al. 1994) . A smooth positive anomaly enclosed the dome (except on the northwestern part) and underlined the crater Amic wall and was correlated to ancient or active fumarolic areas, signalling the existence of upward flowing fluids (Zlotnicki et al. 1994) . The very low frequency electromagnetic survey (Zlotnicki et al. 2006) allowed to characterize the state of the main fault systems located on the volcano: hydrothermally active faults appear electrically conductive, and clayed, sealed or opened faults have higher resistivity values (Zlotnicki et al. 2006) . Profiles of apparent electrical resistivity display high resistivity contrasts confirming the at Biblio Planets on November 24, 2014 http://gji.oxfordjournals.org/ Downloaded from Figure 2 . Map of the location of the main structures, historical eruptive vents and sites of currently observed fumarolic activity on La Soufrière lava dome (Komorowski 2008) . The area corresponding to the lava dome is represented in light grey. The positions of the electrodes used in this study are indicated by green stars; see Fig. 4 for electrical current patterns. The sites of telescopes deployed for muon radiography (Fig. 3) are indicated by the yellow and orange stars. The telescopes' line of sight and angular aperture are also indicated.
heterogeneous structure of the dome (Nicollin et al. 2006) . Some profiles also indicate the presence of vertical conductive conduits interpreted as paths of an upward circulation for hydrothermal fluids. Local 1-D geoelectrical soundings (Nicollin et al. 2006) show that highly conductive material surrounds the dome and could constitute a continuous layer below the basis of the dome.
The dome density distribution was also studied using gravity measurements (Gunawan 2005) jointly inverted with seismic data . These studies confirmed the heterogeneous structure of the dome. Recently, a cosmic muon radiography method has been developed Lesparre et al. 2010; Marteau et al. 2012 ) and applied to La Soufrière lava dome to perform direct imaging of its density . Locations and angular ranges spanned by the radiographies are shown in Fig. 2 : the 'Ravine Sud' radiography is roughly west-east oriented, and the 'Roche Fendue' is oriented south-north. The regions of the radiographies contained between the doted lines correspond to radiography rays (see the Appendix for details) passing through the SERT cross-section limited by the electrode ring in Fig. 5 . structure (Fig. 3 , see Appendix A for details). The resulting radiographies agrees with previous observations and clearly show low-density hydrothermally altered regions.
The aim of this study is to contribute to the knowledge of the lava dome interior by performing a slice electrical resistivity tomography (SERT) obtained by inverting an electrical resistivity data set acquired in 2003 December as a by-product of the global geoelectrical survey presented by Nicollin et al. (2006) . The data set considered here was acquired with a transmission tomography configuration in order to probe the innermost regions of the lava dome.
SERT

Data
The data analysed in this study constitute a subset of so far unprocessed measurements acquired during a larger electrical resistivity survey performed in 2003 December (Nicollin et al. 2006) . The data were acquired with a multi-electrode resistivity meter connected to a 945-m-long main cable equipped with 64 plugs connected to stainless steel electrodes. Either plug 1 or 64 located at the extremities of the main cable is connected to an auxiliary long wire in order to place the corresponding electrode on the opposite side of the lava dome. Both the remote electrode and one electrode plugged onto the main cable are used to inject an electrical current forced to cross the innermost parts of the volcano (Fig. 4) . The main cable was moved to successively occupy three circular segments, each of them covering about one third of La Soufrière circumference to form an almost closed loop (Fig. 4) . The entire data set counts a total of 298 measurements obtained with 13 pairs of current electrodes combined with a number of pairs of potential electrodes that varies between 12 and 30 ( Table 1) a slightly inclined plane with an elevation decrease of 230 m from north to south ( The primary data set is formed by K = 298 n-tuples More details concerning the measurement procedure are given by Nicollin et al. (2006) , and a discussion about the assessment of the data quality may be found in Nicollin et al. (2007) . The noise present in the data is mainly multiplicative with an estimated signal-to-noise ratio of about 90 per cent.
Since the distance between the potential electrodes may greatly vary from one n-tuple to another, V k spans several orders of magnitude. Consequently, a normalization is performed by converting the {I k , V k } pairs into apparent resistivity ρ app, k = β k V k /I k (Fig. 6) where the geometrical factor β k is computed with a 3-D model of the volcano ( Fig. 5 ; Lesparre et al. 2013) . The resulting apparent resistivities vary between 12 and 1360 m. These values agree with Fig. 4 and Table 1. the pseudo-sections obtained by Nicollin et al. (2006) where the apparent resistivites are mainly comprised in the 10 and 2000 m range. Apparent resistivities up to 10 000 m are reported by these authors for several shallow areas where massive andesitic rock and cavities are present. Because of the particular electrode set-up used in this study, these shallow high-resistivity regions are not expected to significantly influence our data which are aimed to mainly sample the innermost parts of the lava dome. Discrepancies between the apparent resistivites derived in this study and those obtained at Biblio Planets on November 24, 2014 http://gji.oxfordjournals.org/ Downloaded from by Nicollin et al. (2006) may also be partly explained by the fact that these authors used a flat geometry to compute their geometrical factors instead of a full 3-D model like in this study (Fig. 5 ).
SERT inversion
The limited amount of data available are not suitable to perform a full 3-D reconstruction of the conductivity structure inside the volcano and, in this study, we perform a slice tomography to reconstruct the conductivity distribution in a cross-section limited by the ring of electrodes (Fig. 7) . This approach is similar to the slice impedance tomography of the human thorax (Adler et al. 2012) where the lung cavities provoke high contrasts of electrical conductivity (Vogt et al. 2012) . In this study, SERT is implemented by defining the unknown conductivity distribution σ 2−D on a coarsely meshed 2-D cross-section in order to reduce the number W of conductivity values to invert (Fig. 7) .
The cross-section conductivity σ 2−D is subsequently used to construct the full 3-D conductivity distribution σ 3-D necessary to solve a forward 3-D finite element model (Fig. 5 ). This is achieved by using a coarse-to-fine N × W matrix M that maps the conductivity σ 2-D of each element of the cross-section (Fig. 7) onto each of the N elements of the 3-D model (Fig. 5) . For elements vertically located either above or below the cross-section, the mapping is performed through a vertical extrusion that makes the conductivity distribution vertically invariant (i.e. 2.5-D). This case is illustrated with the elements labelled A in Fig. 7 that gives the extruded vertical column A in the 3-D model of Fig. 5 . Elements located outside the extruded cross-section have their conductivity values assigned with a nearest neighbour criteria. This case is illustrated with the 3-D elements labelled B in Fig. 5 whose conductivity is inherited from element B of the cross-section (Fig. 7) . In this study, the number of conductivity values σ 2−D to invert is W = 2690 and σ 3−D is defined on 33 174 nodes forming the N = 170 491 elements of the 3-D model (Fig. 5) .
Both the forward modelling and the inversion are implemented with the open-source EIDORS software initially dedicated to medical applications (Polydorides & Lionheart 2002; Adler & Lionheart 2006) and recently augmented with geophysical functionali- ties (Lesparre et al. 2013 ). The meshing is performed with NETGEN (Schöberl 1997) and uses a digital elevation model with a mesh of 5 m (Fig. 5) . Point electrodes are used to represent the steel rods used on the field. A refined meshing is implemented near the current electrodes to account for the sharp gradient of the electrical potential ).
The forward model solution gives the electrical potential u(x, y, z), which is further transformed into apparent resistivityρ app for a given distribution of the electrical conductivity σ (x, y, z) . Insulating conditions are imposed on the boundaries of the model volume excepted at the current electrodes where a Neumann condition is imposed to represent the injected electrical current. The equations to be solved read,
where j is the source current density and n denotes the outward normal on . Because of the large range (10-1000 m) spanned by the apparent resistivity data, the fit is made on log(ρ app ) instead ofρ app . Inverted parameters correspond to log-conductivity which is the natural quantity that appears in the integral equation relating σ to V k (Pessel & Gibert 2003) . Working in the log domain also makes the usage of either conductivity or resistivity equivalent (Tarantola 2006) , and it also appears in asymptotic formulations of highcontrast conductivity imaging as shown by Borcea et al. (1999) , Günther et al. (2006) , Marescot et al. (2008) and Lesparre et al. (2013) .
The inverse problem aims to recover the distribution of the logarithm of the conductivity ς = (ς 1 , ς 2 , . . . , ς K ) t in the crosssection able to reproduce the logarithm of the apparent resistivity data log = (log 1 , log 2 , . . . , log W ) t . The inversion is iteratively performed with a conjugate gradient method. Although SERT strongly reduces the ill-posedness of the inversion, the inverse problem remains strongly underdetermined and a regularization of the Jacobian is performed through a filtering via a singular value decomposition (SVD; Marescot et al. 2008; Lesparre et al. 2013) . In practice, the SVD cut-off used to construct the pseudo-inverse J † of the Jacobian is chosen according to an L-curve criterion (Hansen 2001) .
The main stages of the inversion procedure are:
(1) Estimation of the 3-D forward problem from a given distribution of ς : log˜ i = f (ς) i , with i the iteration number; (2) Computation of the Jacobian to estimate the data sensitivity to changes of the sought values defined by the coarse 2-D mesh
(3) The direction of the perturbation (δ i ) affected to the sought values is estimated from the SVD-regularized pseudo-inverse of the Jacobian 
(7) Residuals log − log˜ i corresponding to the different values of α i are compared to estimate the appropriate value for α i , which retained value is the one corresponding to the minimum value of the second-order polynomial fitting the trial points with a new distribution for ς.
(8) If convergence is not achieved, return to step 1.
The starting model of the inversion is initialized with a resistivity of 106 m which corresponds to the average of the measured apparent resistivities. The first iteration is done with 13 trial values for α, varying between 0.2 and 0.5. For next iterations, the trial values correspond to 1 2
, where α i − 1 represent the step length used at the previous iteration. This procedure efficiently reduces the number of the forward model computations which is the most time-consuming part of the inversion (Marescot et al. 2008) . In practice, 10 iterations are performed and the convergence is mainly obtained during the first two iterations.
Results
The resistivity cross-section σ 2-D obtained from the SERT inversion of the data set shown in Fig. 6 is displayed in Fig. 8 . Resistivity values span a range of two orders of magnitude, from 10 to 1000 m. The L-curve cut-off used to obtain the results of Fig. 8 corresponds to a residual-to-roughness ratio λ = 0.0077, and the global rms error is about 20 per cent. The cross-section model of conductivity used in the inversion constitute an important simplification and only the main structures labelled R1 and C1-C6 in the reconstructed cross-section shown in Fig. 8 are discussed hereafter. These structures remain stable during a sequence of independent inversions performed with different values of the control parameters (i.e. number of iterations, cut-off λ in the L-curve, meshing). These tests show that several structures located near the boundary of the cross-section may significantly vary both in size and conductivity contrast from one inversion to another. Such variations are typical of poorly resolved domains where nonuniqueness may produce the appearance of small-scale structures with opposite conductivity contrasts (i.e. one conductive and one resistive) nearby stable large-scale structures. This is for instance the case of the two resistive anomalies located on the western and southern sides of the R1 resistive structure ( Fig. 8 ; Yasin et al. 2011) .
I N T E R P R E TAT I O N O F M A I N S T RU C T U R E S
Resistive ridge R1
Structure R1 is the only major resistive structure of the cross-section with an average resistivity of ≈400 m. The most resistive part of R1 is localized beneath the southwestern side of the lava dome and its northern end coincides with a series of promontories visible on the summit plateau, the most prominent being the Dolomieu peak located near the northern end of R1 (PD on Fig. 9 ). The R1 structure is located beneath the 1-D resistivity soundings L, M, O and P of Nicollin et al. (2006) who give a resistivity range of 230-500 m for the basement of their 1-D models. VLF soundings performed above the northern part of R1 by Zlotnicki et al. (2006) give a resistivity range of 90-250 m. The agreement between the resistivity found for the R1 structure and those derived from geoelectrical soundings performed on the top part of the dome indicate that R1 corresponds to the root of a resistive body that vertically extends up to the summit of the lava dome. This a posteriori validates the vertically extruded resistivity model used in this study.
The R1 structure also coincides with the dense region RS3 visible on the western side of the east-west muon radiography shown in the top part of Fig. 3 . Both the high resistivity and density are typical of a massive lava body, and this agrees with the fact that the peaks visible at the summit are likely to be the top parts of extruded vertical lava spines. The southern half of R1 is curved eastwards and may be associated with the deep part of a bulge located on the southern flank of the lava dome.
The R1 ridge seems to constitute an efficient barrier that prevents hydrothermal fluids to flow on the west side of the lava dome. This may explain the absence of any activity during the successive phreatic crises that punctuated the eruptive history of the volcano. However, the chemical tracing performed by Bigot et al. (1994) sustains the existence of an hydraulic pathway below the R1 structure and linking the 'Tarissan' pit (GT on Fig. 9 ) to the 'Bains Jaunes' hot springs located about 1km south-west of the dome. This indicates that the basis of the R1 body is probably highly fractured or altered below the lava dome.
Conductive structures C1 and C3
We join the interpretation of the C1 and C3 conductive structures (Fig. 8) (Feuillard et al. 1983; Komorowski et al. 2005) . Blue areas show low-voltage zones from self-potential measurements (Zlotnicki et al. 2006) . The location of the telescope stations from which muon radiographies were obtained are also localized (yellow and orange stars), their corresponding line of sight as well as their aperture angle are reported too. Komorowski et al., 2005) . These structures have an average resistivity of ≈50 m in agreement with the C 1-D sounding of Nicollin et al. (2006) who report a basement resistivity of 35 m at the eastern edge of C3. The VLF sounding performed by Zlotnicki et al. (2006) in the same area gives significantly higher resistivities in the 200-800 m range. This discrepancy may be explained by the fact that VLF soundings are limited to shallow structures which, in the considered area, are constituted by rockfall deposits. C1 is in the axis of the low-density RF4 region of the 'Roche Fendue' muon radiography (bottom of Fig. 3) , and C3 corresponds to the low-density domain RS4 in the 'Ravine Sud' radiography (top of Fig. 3 ). Both the low density and the low resistivity of C1 and C3 indicate that these regions are likely to be filled with altered unconsolidated material saturated with hydrothermal fluids.
Both C1 and C3 are associated with vent collapses that occurred during the explosive opening of fractures during historical eruptions. These events ejected a mass of non-juvenile debris from the dome that flowed for a short-run out in nearby valleys (Sheridan 1980; Feuillard et al. 1983; Komorowski et al. 2005) . The collapse associated with C1 lead to the 'Faujas' rockslide that occurred on 1798 April 26 during the 1797-1798 phreatic eruption (FF on Fig. 9) . Later, on 1837 February 12, a new fracture opened nearby the 'Faujas' rockslide and released a lahar (blue arrow 1 in Fig. 9 ) that invaded the 'Ravine Amic', a gully located on the northwest side of the dome (Fig. 2) , and the 'Noire' river (Hapel-Lachênaie et al. 1798; Komorowski et al. 2005) . These events support the hypothesis that C1 is a reservoir likely to release significant amount of fluid and energy. The connection of C1 with surface fractures ['Fracture du Nord Ouest' (FNO) and 'Fente du Nord' (FN) ; Figs 2 and 9) is sustained by the presence of a negative anomaly of spontaneous potential (Zlotnicki et al. 1994 ) typical of downwardgoing fluid flow. Although located in a presently inactive region of the summit plateau of La Soufrière, this reservoir seems still active as observed during the 1976-1977 crisis when ephemeris vents appeared in several fractures.
The explosive collapse associated with C3 occurred on 1976 August 30 during a particularly intense phreatic event where the 'Tarissan' crater (GT on Fig. 9 ) erupted and ejected blocks of a few metres in diameter. This collapse released a lahar (blue arrow 2 in Fig. 9 ) that invaded the 'Matylis' river. Another lahar occurred in the 'Breislack' crater (CB, blue straight arrow labelled 3 in Fig. 9 ) and invaded the 'Carbet' river (Feuillard et al. 1983) . These events occurred at three locations situated on the edge of the C3 structure and they may have been triggered by an overpressure of the corresponding reservoir. The westernmost part of the C3 structure is located beneath the presently active area of the summit plateau where intense vents (CS on Fig. 9 ) emit very acidic fluids of magmatic origin and that probably percolated through C3 which represents a large volume able to release a significant amount of energy and fluid. Moreover, this large volume of fluid is present in a particularly fractured and hydrothermally altered zone of the dome (Fig. 9 ).
Conductive structure C2
The C2 conductive structure is located in a presently inactive part of the lava dome. Its northern edge is limited by the 'Fracture du Nord-Est' (FNE on Fig. 9 ) that was reported active at the end of the 17th century during the 1680 eruption (Boudon et al. 1988; Komorowski 2008) . No activity was reported on the summit plateau in this area during the 1956 and 1976-1977 crisis, and only a moderate vent was observed at the eastern edge of C2 on the flank of the lava dome during the 1976-1977 eruption. The fact that C2 remained inactive during the intense 1976-1977 crisis can be a clue that the C2 reservoir is isolated from C1 and C3 by a hydrological barrier corresponding to the ridge of moderate resistivity (i.e. ≈100 m) visible on the southern and western sides of C2 (Fig. 9) .
In 2009 November, a moderate landslide (Fig. 1 ) occurred after several days with heavy rains on the eastern extremity of C2. A clear negative anomaly of spontaneous potential (Zlotnicki et al. 1994 ) is associated with C2 and supports the existence of a downward fluid flow from the summit plateau down to the C2 reservoir which is likely to be connected to the hot Carbet spring (blue point labelled CE in Fig. 2 ) and the Carbet-Echelle fumarolic field (label 6 on Fig. 2 ; Zlotnicki et al. 2006; Komorowski 2008) . Field observations of the landslide deposit and the landslide scar show the abundant and pervasive of plastic bluish-grey hydrothermally altered clay-rich formations (Fig. 10) 
Conductive structures C4-C6
The conductive structures C4-C6 appear as peripheral structures not connected with the central regions of the dome. Their resistivity of ≈40 m agrees with the A, B and H 1-D soundings of Nicollin et al. (2006) who find a resistivity of ≈30 m for the basement of their 1-D models. The materials forming these structures are likely to be unconsolidated debris fallen from the steep slopes of the lava dome. This constitutes potentially unstable volumes that may produce significant landslides during heavy rains or earthquakes.
C O N C L U D I N G R E M A R K S
The data analysed in this study are well adapted to get information concerning the innermost resistivity structure of La Soufrière dome (Fig. 4) . The reconstructed resistivity cross-section shows that the interior of the lava dome contains three main conductive domains (C1, C2, C3 in Fig. 8 ) and one resistive structure (R1 in Fig. 8) .
Considering the resistivity values of these structures together with the densities obtained by cosmic muon radiography (Fig. 3) we may conclude that C1, C2 and C3 are reservoirs filled with unconsolidated material and conductive hydrothermal fluids. This description is coherent with the activity observed during the successive phreatic eruptions that occurred since the creation of the lava dome 500 yr ago.
Similarly, R1 is interpreted as a massive lava body that vertically extends through the whole height of the lava dome and which seems to constitute a barrier that, up to now, blocked eruptive activity on the southwest flank of the volcano. However, the chemical tracing performed by Bigot et al. (1994) suggests that this barrier is fractured at least at its basis level.
The presently active reservoir C3 is located inside the southeastern quarter of the dome and, accounting for the fact that both structures were active in 1976-1977, a connection seems to exist with the C1 reservoir located in the northwestern quarter. These two reservoirs may contain a significant amount of fluids and thermal energy that could be released in case of rapid deflation caused by landslide or overheating at the base of the dome as was observed at several instances for Soufrière Hills at Montserrat since the beginning of the magmatic eruption in 1995 . Oriented blasts and mud flows released by the reservoirs may invade nearby rivers-'Carbet', 'Matylis-Galion' and 'Rivière Noire'-over several kilometres.
The C3 and C1 structures fall nearby the most important and historically active fractures that transect the dome in half. Moreover these structures are a continuous of the en-echelon normal La Ty fault (Fig. 2) that propagates from the southeast to the northwest through the 'Fracture 30 août 1976' (F76 on C3 structure, Fig. 9 ), through the summit craters and fractures, and the 'Fente du Nord' (FN on the eastern edge of the C1 structure, Fig. 9 ). La Soufrière lava dome is thus characterized by this heterogeneous geometry of low density and high-conductivity fluid-saturated and hydrothermally altered areas. The clear recurrent link of these structures to explosive historical activity and major surface deformation associated with recent phreatic and still-born magmatic eruptions suggest that areas within La Soufrière lava dome are prone to slope instability and partial edifice collapse, overpressurization leading to explosive vent fracturing, as well as the genesis of significant volume of water from acid perched hot aquifers that will generate mobile and potentially damaging mudflows (lahars). Hence these results have important implications for continuing multiparameter monitoring of La Soufrière volcano, hazard scenario definition, risk assessment and crisis management.
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R E F E R E N C E S
A P P E N D I X : C O S M I C M U O N R A D I O G R A P H I E S
Density radiography using cosmic muons is a novel method that uses the attenuation of the flux of muons crossing a geological body to determine its density structure . Measurements are made with telescopes equipped with detection matrices that allow to count the number of muons coming from about one thousand of lines of sight as shown in Fig. A1 . For each line of sight, the number of detected muons that crossed the volcano is compared with the incident flux in order to deduce the amount of matter-also called the opacity (in g cm −2 )-encountered by the particles along their trajectory . The opacity values are converted into average density along the lines of sight to produce the radiographies of Fig. 3 .
One advantage of muon density radiography is the straight ray geometry of the acquisition (Fig. A1 ) which allows to locate the density heterogeneities visible on the radiographies. Because of the cone-like geometry of the rays, the density structures visible on Fig. 3 are averaged along more or less oblique lines of sight. The dotted lines visible on the radiographies bound the regions where the corresponding rays pass within ±15 m above or below the electrode ring that defines the SERT cross-section of Fig. 7 . Figure A1 . View of the lines of sight scanned by the cosmic muon telescope when located at 'Ravine Sud' (top, altitude 1168 m) and 'Roche Fendue' (bottom, altitude 1263 m). The data acquired at the 'Ravine Sud' station produced the east-west radiography shown in the top part of Fig. 3 , and the north-south radiography for the data of 'Roche Fendue' is shown at the bottom of Fig. 3 . The black stars represent the electrodes and the green surface represent the regions sounded by the SERT. The lines of sight that appear in red are entirely comprised in a volume of ±15 m above and below the SERT cross-section. See Lesparre et al. (2012) for a detailed description of the muon tomography experiments on La Soufrière.
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